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NATIONAL 
ELECTRICAL 
STANDARDS 

MOVED 


M@ The national electrical standards 
were officially established at the new 
Gaithersburg, Md., laboratories of the 
National Bureau of Standards on 
Thursday, May 12, 1966. On that 
day the standards were carefully 
transported to Gaithersburg under 
police escort from the old Washington, 
D.C., laboratories of the Bureau. 

From these basic electrical stand- 
ards—for the volt, ohm, farad, and 
watt—NBS has derived other stand- 
ards for all electrical quantities in use 
today. Thus the accuracy and relia- 
bility of all electrical equipment, 
devices, and meters used in this coun- 
try depend upon the accuracy of these 
standards. An error of a fraction of 
a percent in the determination of the 
ohm, for example, could cause errors 
of millions of dollars in the electric 
bills paid by industry and private 
householders. 

The electrical standards are of fun- 
damental importance to the communi- 
cations, defense, aerospace, and most 
other industries. The production of 

continued 


The national electrical standards were officially transferred to the NBS Gaithersburg (Md.) laboratories from Washington (D.C.) 
on Thursday, May 12, 1966. Dr. Robert D. Huntoon, Director, NBS Institute for Basic Standards signs as a witness of the transfer. 
Waiting to add their signatures are (left to right) Charles E. White, Chairman, NBS Advisory Committee on Calibration and Measure- 
ment Services; John R. Van De Houten, Chairman, National Conference of Standards Laboratories; William G. Amy, Chairman, NAS 
Advisory Panel to the Electricity Division; Chester H. Page, Chief, NBS Electricity Division; William A. Wildhack, Associate Director 
for Measurement Services, NBS Institute for Basic Standards; and Walter J. Hamer, Chief, NBS Electrochemistry Section. 


August 1966 


Anna Skapars is making a connection to one of the saturated standard cells which are kept 
in an oil bath maintained within a few thousands of a degree of 28° C. 


STANDARDS MOVED continued 


an aircraft, a radio transmitter, or a 
space vehicle requires thousands of 
individual components whose electri- 
cal characteristics must be carefully 
controlled for successful operation. 
Without precise standards for the 
electrical quantities such control 
would be impossible. 

The transfer of the electrical stand- 
ards took place on the fourth and 
last day of the third National Con- 
ference of Standards Laboratories 
(NCSL), which met at the NBS 
Gaithersburg laboratories. This Con- 
ference and its continuing committees 
bring together representatives from 
military, commercial, and university 
laboratories, to promote cooperative 
action on common problems of man- 
agement and operation of measure- 
ment standards and calibration labo- 
ratories. Participating in the cere- 
monies at Gaithersburg were Dr. Rob- 
ert D. Huntoon, Director, NBS Insti- 
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tute for Basic Standards; William A. 
Wildhack, Associate Director for 
Measurement Services, NBS Institute 
for Basic Standards; Chester H. Page, 
Chief, NBS Electricity Division; 
Walter J. Hamer, Chief, NBS Elec- 
trochemistry Section; William G. 
Amey (Leeds & Northrop Co.), Chair- 
man, NAS Advisory Panel to the 
Electricity Division; Charles E. White 
(AVCO Corp.), Chairman, NBS 
Advisory Committee on Calibration 
and Measurement Services; and John 
R. Van De Houten (Aerojet-General 
Corp.), Chairman, National Confer- 
ence of Standards Laboratories. 

The standards that were trans- 
ferred included a group of very 
constant standard cells, from which 
the volt is obtained as an average 
value; standard resistances that pro- 
vide the ohm; standard capacitors for 
the farad; and a standard wattmeter. 

The most difficult part of the op- 
eration was the transfer of the deli- 
cate standard cells. These cells are 


sensitive to light, electric current, 
shock, and vibration, and are espe- 
cially sensitive to temperature. A 
temperature change of a tenth of a 
degree would change a cell’s electro- 
motive force by about 5 microvolts. 
Normally, the cells are kept in a con- 
stant-temperature oil bath. Tipping 
a cell more than 45° or contact of the 
terminals of a cell with each other 
permanently destroys the cell. 

The movement of these fragile cells 
was as carefully engineered as though 
they were a cargo of explosives. For 
the trip, the cells were housed in a 
special box designed to minimize 
temperature change, shock and vibra- 
tion. Inside the darkened box the 
cells were fixed upright with all cell 
terminals safely apart from each 
other. Bureau scientists carefully 
carried the box to the station wagon 
that brought the cells from Washing- 
ton to Gaithersburg. A police escort 
accompanied the station wagon to 
insure safe transit of the standards. 
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Wit Defi STANDARDS AND CALIBRATION 


NBS PRECISION MEASUREMENT 
SEMINARS 1966-67 


Approximate dates, tentative topics, and coordinators 
for the 1966-67 NBS Precision Measurement Seminars 
have been announced. Final decision on whether or not 
to give a particular seminar will depend on the interest 
shown, as reflected in the number of applications received. 

Laboratory directors who would like qualified members 
of their staff to attend any of these seminars should address 
a letter of application to the seminar coordinator. Sug- 
gestions for additional seminar topics should be sent to 
Dr. H. L. Mason, Assistant to the Director, Institute for 
Basic Standards, National Bureau of Standards, Wash- 
ington, D.C. 20234. 

In the list that follows, “(B)” indicates that the seminar 
would be held at the NBS laboratories in Boulder, Colo.; 
and “(W)” that it would be held at the NBS laboratories 
in Gaithersburg, Md., near Washington, D.C. 

High Frequency and Microwave Phase Shift Measure- 
ments (B); 3 days, Feb. 1967; Coordinator: D. A. Eller- 
bruch, Radio Standards Laboratory, NBS Institute for 
Basic Standards, Boulder, Colo. 80301. 

High Frequency Voltage Measurements (B); 3 days, 
Mar. 1967; Coordinator: M. C. Selby, Radio Standards 
Laboratory, NBS Institute for Basic Standards, Boulder, 
Colo. 80301. 

Time and Frequency Interval (B) ; 3 days, May 1967; 
Coordinator: Dr. G. E. Hudson, Radio Standards Labora- 
tory, NBS Institute for Basic Standards, Boulder, Colo. 
80301. 

Precision and Accuracy in Measurement and Calibra- 
tion (W); 4 days, Feb. 1967; Coordinator: J. M. Cam- 
eron, Statistical Engineering Laboratory, NBS Institute for 
Basic Standards, Washington, D.C. 20234. 

Length (W); 5 days, Mar. 1967; Coordinator: T. R. 
Young, Length Section, NBS Instiute for Basic Standards, 
Washington, D.C. 20234. 

Thermometry (W); 3 days, May 1967; Coordinator: 
J. F. Swindells, Temperature Section, NBS Institute for 
Basic Standards, Washington, D.C. 20234. 

Calorimetry (W); 3 days, spring 1967; Coordinator: 
Dr. D. C. Ginnings, Heat Measurements Section, NBS In- 
stitute for Basic Standards, Washington, D.C. 20234. 

(Registration permitting, it is planned to give a Low 
Frequency Electrical Standards seminar in the fall of 1967, 
as part of the 1967-68 seminar series. ) 

A detailed announcement, with more specific dates and 
registration fee, will appear in a later issue of the NBS 
Technical News Bulletin. 


August 1966 


COMPUTER-ASSISTED CALIBRATION 
of Copper-Constantan Thermocouples 


In a further extension of computer techniques to its 
measurement services, the temperature physics laboratory 
of the NBS Institute for Basic Standards has worked out 
a much improved method of reporting calibration results 
for copper-constantan thermocouples over the temperature 
range from —190 to +300° C. It has prepared a com- 
puter program that not only processes the instrument 
outputs to obtain the calibration data, but prints out a 
report in the form of a table with entries at every degree. 
By reporting the values at every degree, the tables save 
the customer the time-consuming effort of interpolating 
between values separated by intervals of 50 or 100 degrees, 
as was formerly required. ‘Table entries can be furnished 
in either degrees Celsius or degrees Fahrenheit. Intro- 
duction of the more complete services has not required an 
increase in calibration fees listed in NBS Misc. Publ. 250, 
Calibration and Test Services of the National Bureau of 


Standards (1965 Edition) .1 


‘NBS Misc. Publ. 250 is available at $1.00 per copy from the Super- 
intendent of Documents, U.S. Government Printing Office, Washington, 
D.C. 20402. 


U.S. STANDARD FREQUENCY 
AND TIME BROADCASTS 


Radio stations WWV (Greenbelt, Md.) and WWVH 
(Maui, Hawaii) broadcast signals that are kept in close 
agreement with the UT2 scale by making step adjustments 
of 100 ms as necessary. Each pulse indicates that the 
earth has rotated approximately 15 arcseconds about its 
axis since the previous one. Adjustments are made at 
0000 UT (7:00 p.m., e.s.t.) on the first day of a month. 
There was no adjustment made on 1 August 1966, and 
none will be made on | September 1966. The pulses occur 
at intervals that are longer than 1 second by 300 parts 
in 10'° due to an offset in carrier frequency coordinated 
by the Bureau International de |’Heure, Paris, France. 

Radio station WWVB (Fort Collins, Colo.) broadcasts 
seconds pulses derived from the United States Time Stand- 
ard (USTS) with no offset. Step adjustments of 200 ms 
are made at 0000 UT on the first day of a month when 
necessary. NBS directs that such adjustments be made 
in the scale at intervals to maintain the seconds pulses 
within about 100 ms of UT2. There was no adjustment 
made on 1 August 1966. There will be an adjustment 
made on 1 September 1966. The seconds pulses emitted 
from WWVB will be retarded 200 ms. 
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BB Rhenium is an extremely hard metal recline 
at 3180° C. Because of these properties it has 
_ found application in a number of aerospace de- 
velopments, such as thermionic engines and exotic 
alloys for very high-temperature thermocouples, 
as well as in such commonplace items as flashbulbs. 

Recently E. R. Plante and R. Szwarc* of the 
NBS Institute for Materials Research obtained * 


new reliable data on the vapor pressure, heat of \ 


sublimation, and entropy of sublimation of rhen- 
ium at temperatures between 2350 and 3050? K. 
This research, conducted with support from the 
National Aeronautics and Space Administration, is 
one part of a continuing program at NBS to pro- 
vide science and industry with much-needed high- 
temperature data on materials.” : 

In previous_work* elsewhere on rhenium, the 
classical Langmuir technique has been used for 
measuring the rate of vaporization. In this tech- 
nique a rhenium rod is heated by passing a current 
_ through it, and the rate of vaporization is calcu- 

lated from the weight-loss of the rod. The weight- 
loss is determined by weighing before and after the 
heating. 

The investigators were able to obtain a more 
precise weight-loss measurement by applying the 
vacuum microbalance,’ developed previously at 
NBS, to the usual Langmuir technique. In this 
“application a zone-refined polycrystalline rod of 
rhenium was heated by a radiofrequency induction 
heater at 450 kHz. The rhenium rod was sus- 
pended from one arm of an equal-arm, fused-silica 
beam microbalance by a chain of fused-silica and 
_ sapphire rods. A tungsten wire, which passed 

through a suspension hole in the sample, connected 
the rhenium rod to the chain. 
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VAPOR PRESSURE 
AND HEAT OF 
SUBLIMATION MEASURED 
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Weight losses in the microgram range were found by 
measuring the deflection of the beam arm with a cathetom- 
eter, and the temperature was measured by sighting with 
an optical pyrometer on a hole drilled in the rod. This 
hole, 1 mm in diameter and 10 mm in length, provided 
blackbody conditions for the temperature measurements. 

A fused-silica tube formed the vacuum chamber in 
which the rhenium rod hung. This tube had a graded 
seal with a pyrex window at the bottom through which 
the temperature was measured. The window was pro- 
tected from vapor deposition by a magnetically operated 
shutter. A fused-silica sleeve, which was thinly coated 
with platinum on the inner surface, was placed inside the 
vacuum chamber around the rhenium rod. This platinum 
coating prevented static charge (which would have in- 
terfered with the weighings) from building up around 
the sample. A vacuum was maintained in the range of 
10% to 10° torr. 

Four series of experiments were performed, and each 
experiment followed this sequence: (1) The rest point of 
the microbalance was determined; (2) the sample was 
slowly heated to a temperature several hundred degrees 
below the operating temperature of the experiment; (3) 
the sample was rapidly heated to the operating tempera- 
ture and maintained at as nearly constant temperature as 
possible; (4) the sam:le was rapidly cooled to a tempera- 
ture well below the operating temperature by turning off 
the rf power, and (5) the rest point of the microbalance 
was redetermined. This sequence determined accurately 
the duration of the experiment. The data from each ex- 
periment were used to calculate the vapor pressure. 

Two methods were used to calculate the heat of sub- 
limation of rhenium from the vapor pressure data. One 
method, based on the second law of thermodynamics, 
uses a least-squares plot of the logarithm of the pressure 
as a function of inverse temperature. In this plot the heat 
of sublimation is evaluated from the slope and the entropy 
of sublimation from the intercept with the axis of the 
ordinates. The other method, which is based on the third 
law of thermodynamics, calculates the heat of sublimation 
at a reference temperature, usually 298.15° K, using free 
energy functions or the entropy of sublimation previously 
calculated from calorimetric data. 

The values obtained from the second law method are 
189.2 keal mol? (791.7 kJ mol) for the heat of sub- 
limation and 33.36 cal mol-?° K-? (139.6 J mol-!° K-?) 
for the entropy of sublimation. An evaluation of the 
data by the second law leads to the equation, 4.5756log P 
(atm) = 33.36 —183500/T. This equation can be used 
to calculate the vapor pressure of rhenium at any given 
high temperature in the range of 2350 to 3050° K. 

The calculated third-law heat of sublimation for rhen- 


The chain which holds the rhenium rod in the 
vacuum chamber consists of a bent sapphire rod, 
shown directly above the rhenium rod, and of two bent 
fused-silica rods, which are the top links of 

the chain. These are shown connected 

to a fused-silica weight dish. 


The weight loss of vaporized rhenium can be measured 
accurately with this NBS microbalance. Here, an aluminum 
weight is being added to a fused-silica weight dish. 


ium is 185.9 keal mol? (778.0 kJ mol). The recom- 
mended equation for the vapor pressure of rhenium at 
high temperatures (2350-3050° K) is 4.5756log P (atm) 
= 31.86 -180200/T. This equation is considered more 
reliable than that based on the second law since the calori- 
metric value for the entropy at the mean temperature, 
2600° K, is more accurately known ® than the value de- 
termined by the second law method. 


*Present Address: Department of Materials Science, University of Cin- 
cinnati, Cincinnati, Ohio. 

1 For further technical details see, Vapor pressure and heat of sublima- 
tion of rhenium, by E. R. Plante and R. Szwarc, J. Res. NBS 70A (Phys. 
& Chem.), 2, 175-179 (1966). 

Vapor pressure and heat of sublimation of tungsten, by R. Szwarc, 
E. R. Plante, and J. J. Diamond, J. Res. NBS 69A (Phys. & Chem.), 
417-421 (1965). Also, Vapor pressures of ruthenium and osmium, by 
N. J. Carrera, R. F. Walker, and E. R. Plante, J. Res. NBS 68A (Phys. 
& Chem.), 325-330 (1964). 

° Vapor pressure of rhenium, by E. M. Sherwood, D. M. Rosenbaum, 
J. M. Blocker, Jr., and I. E. Campbell, J. Electro. Soc. 102, 650 (1955). 

4Microbalance techniques for high-temperature applications, further 
developments, by N. J. Carrera, R. F. Walker, W. Nalley, and C. Steg- 
gerda, Vacuum Microbalance Techniques, Vol. 3, K. Behrndt, ed., Plenum 
Press, New York, N.Y., p. 153 (1963). 

5 Thermochemical Properties Of The Elements, by D. R. Stull and G. C. 
Sinke, Am. Chem. Soc., Washington, D.C. (1956). 


E.R. Plante sights through the cathetometer telescope to 
measure the displacement of a microbalance beam (not visible) . 
This displacement measures the weight-loss of a rhenium rod, 
suspended in the small tube (lower left) and heated by the 

7f coil surrounding the tube. The larger glass enclosure 

forms part of the vacuum system. 


STANDARD 
PEFERENCE 
MATERIALS 


NBS ISSUES PERMITTIVITY STANDARDS 
The NBS Office of Standard Reference Materials has 


made available six permittivity standards. These standards 
are the result of cooperation among the National Bureau 
of Standards, the National Physical Laboratory of Eng- 
land, and the National Research Council of Canada.1_ Two 
materials, 1723 glass and 7940 fused silica, have been 
certified for relative permittivity (i.e. dielectric constant) , 
and both are now available in three sizes as standard 
reference materials for $87.50 each.” These standards 
are intended for use in checking and improving measure- 
ment systems for complex permittivity. 

The glass standards are certified for relative permittivity 
of approximately 6.3 in the range of 10° to 10° hertz (see 
table 1). NBS Standard No. 1501, 1723 glass, is a rough- 
cut blank, 214 by 214 by 3 in., for making a 2-in. disk for 
low-frequency, capacity-type holders. NBS Standard No. 
1502, 1723 glass, is a rough-cut blank, 1 by 14 by 1% in., 
for X-band waveguides. NBS Standard No. 1503, 1723 
glass, is a rough-cut blank, 114 by 114 by 3% in., for mak- 
ing a nominally 1-in. cylindrical waveguide for dielectro- 
meters. 

The fused silica standards are certified for relative 
permittivity of about 3.83 in the range of 10° to 10'° hertz 
(see table 2). NBS Standard No. 1504, 7940 fused silica, 
is a rough-cut blank, 214 by 214 by 0.015 in., for making a 
2-in. disk for low-frequency, capacity-type holders. NBS 
Standard No. 1505, 7940 fused silica, is a rough-cut blank, 
l by % by % in., for X-band waveguides. NBS Standard 
No. 1506, 7940 fused silica, is a rough-cut blank, 114 by 
114, by 8% in. for making a 1-in. cylindrical waveguide for 
dielectrometers. 


1For further information, see International comparison of dielectric 
measurements, by H. E. Bussey, J. E. Gray, F. C. Bamberger, E. Rushton, 
G. Russell, B. W. Petley, and D. Morris, IEEE Transactions on Instru- 
mentation and Measurements, IM—13, No. 4, 305-311 (Dec. 1964). 

* For a complete list of NBS standard materials, see Standard Reference 
Materials: Catalog and Price List of Standard Materials Issued by the 
National Bureau of Standards, NBS Misc. Publ. 260. Available from 
the Superintendent of Documents, U.S. Government Printing Office, Wash- 
ington, D.C. 20402, for 45 cents. 
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TABLE 1. 1723 Glass 
Frequency Relative permittivity | Loss tangent X 104 

Hz * oF * 

10° 6. 314+0. 38 8.55+0. 74 
10 6.305+ .31 9.00+ .74 
10° 6.293+ .41 10. 03+ . 68 
10° 6.278+ .35 11, 5932 eas 
10’ 6.265+ .38 14. 64+ .83 
108 6.25 + .60 20 dese Lal 
10° 6.207+ .38 93.9 +1.1 

TABLE 2. 7940 Fused Silica 
Frequency Relative permittivity | Loss tangent X 104 

Hz eG 2 

10° 3. 8350+0. 30 1. 86+0. 84 
10+ a. Oo bi + 4.30 114+ .79 
10° 3. 8265+ .31 .33+ .69 
108 3. 8255+ .31 .d4+ .74 
10’ 3. O200 ol .20+ .86 
10° 3.03. <b 467 1, Sct P20 
10° 3. 8315+ .37 1.46+ .84 


The values given in the tables are expressed relative to vacuum, 
not air. Each value is an average of several measurements made 
by NBS and, at most frequencies, by NPL and NRC. Each labora- 
tory’s result was weighted inversely as the uncertainty quoted. by 
that laboratory. The uncertainty (*) given in the table represents 
the uncertainties normally quoted by the several laboratories, suit- 
ably combined and then increased to allow for possible inhomo- 
geneity of the material from which this specimen was cut. 


THREE ADDITIONS TO PUBLICATION SERIES 


Standard reference materials provide a convenient 
means for calibrating a multitude of precision scientific 
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instruments. To maintain the steady trend toward greater 
precision and accuracy with such instruments, persons 
calibrating them must know what levels of precision and 
accuracy have been reached in these materials and how it 
was done. Such information is available through a series 
of NBS publications entitled Standard Reference Materials. 
With the printing of three new publications, the series 
now consists of 10 publications on the preparation and 
characterization of NBS standard materials, plus a catalog 
of the standards. 

The most recent publications in the series are subtitled: 

Methods for the Chemical Analysis of NBS Copper- 
Base Spectrochemical Standards, by Rosemond K. Bell, 
NBS Misc. Publ. 260-7 (60 cents). 

Analysis of Uranium Concentrates at the National Bu- 
reau of Standards, by M. S. Richmond, NBS Misc. Publ. 
260-8 (55 cents). 

Homogeneity Characterization of NBS Spectrometric 
Standards II: Cartridge Brass and Low-Alloy Steel, by 
H. Yakowitz, D. L. Veith, K. F. J. Heinrich, and R. E. 
Michaelis, NBS Misc. Publ. 260-10 (30 cents). 

These publications are available from the Superintend- 
ent of Documents, U.S. Government Printing Office, Wash- 
ington, D.C. 20402, for the price indicated. 

Miscellaneous Publication 260-7 contains detailed pro- 
cedures for determination of constituents in the seven 
groups of NBS copper-base alloy standards. These pro- 
cedures, designed primarily for accuracy rather than 
speed, include the electrolytic, photometric, gravimetric, 


and titration methods. Techniques are described for de- 
termining not only the more abundant elements of copper 
alloys, but also such trace elements as phosphorus, man- 
ganese, arsenic, silicon, and antimony. 

Miscellaneous Publication 260-8 contains background 
information on major uses of NBS Standard No. 950a, 
U;0;s. This black oxide and its predecessors have been 
of special value in establishing an accurate method of 
analysis for uranium concentrates which has been a long- 
term goal of NBS and other labs. The publication traces 
the history of NBS involvement in this analysis problem, 
presenting information on the procedural development. 
It also describes the details of the NBS procedure, in- 
cluding variations for working with certain low- or very 
high-grade uranium materials. 

Miscellaneous Publication 260-10 concentrates on the 
problem of homogeneity raised by new microanalysis in- 
struments such as the solids mass spectrometer, laser 
probe, and electron probe microanalyzer. Homogeneity 
of existing composition standards is being studied and 
characterized at NBS to serve the interim period until 
standards can be specifically designed for calibrating these 
new microanalysis tools. Methods of preparing cartridge 
brass (NBS Standard Nos. 1102 and C1102) and low-alloy 
steel (NBS Standard No. 463) for homogeneity charac- 
terization with an electron probe microanalyzer are pre- 
sented along with the analytical results verified by inter- 
laboratory comparisons. Many photographs of structures 
and conditions existing in these samples are shown. 


CONTRACT LET FOR BUILDING STUDY 


M@ The NBS Institute for Applied Technology has re- 
ceived a contract from the General Services Administra- 
tion to study the feasibility of using portions of the GSA 
building construction program to cooperate with private 
industry in developing new or improved building systems. 

The goal of the joint NBS-GSA effort is to find one or 
more building types, common to Government and non- 
Government construction programs, which afford an op- 
portunity for developing new building systems and sub- 
systems through the application of advancing technology. 
Traditional methodology will be reviewed in depth to dis- 
cover the existing constraints. 

The building industry will not only benefit from the 
research but will participate in the development of the 
new subsystems in conformity with the performance speci- 
fications for the systems. 

The GSA Public Buildings Service-Institute for Applied 


Technology team activity will be developed in two stages; 
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the first phase will include an analysis of user needs, 
based on activity, for a Federal building, such as an office 
building or research and development facility, and a study 
of potential benefits and cost comparisons of the systems 
approach with present conventional methods. The sec- 
ond phase of the joint research project will be the prepara- 
tion of specifications based on performance standards de- 
veloped in the study. These specifications will control par- 
ameters such as dimensions, modules, maintenance, quality 
control, etc., as well as test and evaluation methods to 
measure performance. 

Institute personnel will work with Public Buildings Serv- 
ice architects and engineers to develop a building process 
which can overcome the difficulties of traditional methods 
based on the assembly of many small parts. The objective 
is an integrated and coordinated system of industrially 
produced building components which will better serve the 
user. 
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STANDARDS 
LABORATORIES 
MEET: NCSL 1966 


Some 230 representatives of industry and defense- 
agency standards laboratories, reinforced by a 100-man 
contingent from the NBS staff, met May 9 to 11 at the 
new NBS facilities at Gaithersburg, Md., for the 1966 
meeting of the National Conference of Standards Labora- 
tories (NCSL). A fourth day, May 12, was spent inspect- 
ing NBS laboratories at Gaithersburg of special interest 
to standards groups. 

Dr. Robert D. Huntoon, Director of the NBS Institute 
for Basic Standards, was Conference Chairman; Andrew 
Woodington of General Dynamics/Convair was Program 
Chairman; and the Chairman of NCSL, John Van de 
Houten of Aerojet-General Corp. presided over the 
meetings. 

After words of welcome from Dr. A. V. Astin, NBS 
Director, the Conference settled into its first technical 
session, on a matter vital to any measurement laboratory— 
the quality of its own work. The discussion, led by S. C. 
Richardson (GE Co., Schenectady), took as point of de- 
parture a progress report on the 1965-66 NCSL Measure- 
ment Comparisons, a series of “round-robins” in which 
selected measuring devices are circulated for calibration 
among member laboratories. 

Delegates were then entertained by an animated cartoon 
prepared for the Navy Metrology Center (Pomona, Calif.) 
and directed mainly at those outside the standards field 
who do not appreciate the need for calibration. It ham- 
mered away with considerable imagination and humor 
at the close link between calibration accuracy and product 
reliability. The Navy laboratory will try to have copies 
of the film available for purchase by others. 

DeWayne Sharp (IBM, San Jose) told, in the following 
session, about initial efforts of the NCSL Committee on 
Statistical Procedures “to develop specific or generalized 
methods for completion and analysis of measurement and 
calibration data by statistical and computational proce- 
dures.” J. M. Cameron (NBS Institute for Basic Stand- 
ards) described some computer programs for analyzing 
calibration data. 

Dr. W. G. Amey (Leeds & Northrup) pleaded forcefully 
at the luncheon program for self-reliance and cooperation 
among standards laboratories, ascribing the success thus 
far of NCSL largely to its ability to turn a deaf ear to 
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After dinner speaker: E. G. Hill (Controller, General 
Dynamics/Convair) gives top-management views on standards. 
Next to him at speakers table are Dr. Robert D. Huntoon 
(Director, NBS Institute for Basic Standards) and, at 

far right, the NCSL Chairman, John Van De Houten 
(Aerojet-General Corp). 


the lethargy-producing cry: “Why don't they do some- 
thing.” 

Two other sessions on Monday dealt with information. 
The first considered the questions: “What information 
does a standards laboratory need? Where can it be ob- 
tained?” A survey of sources of information at NBS was 
given by Dr. H. L. Mason (NBS Institute for Basic Stand- 
ards). The other session, on Calibration Procedures, in- 
cluded an account by D. DeLauer (Air Force Calibration 
Detachment, Vandenberg AFB) of how the NCSL Cali- 
bration Procedures Library operates. 

Dr. Robert D. Huntoon opened the second day by de- 
scribing how the national measurement system of the 
United States has been built up and functions, and the 
role of NBS and other organizations in maintaining pro- 
totypes, calibrating instruments, compiling critically eval- 
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uated data, and disseminating measurement information. 
Against this background, C. E. Johnson (Boeing, Seattle) 
summed up the results of a survey among NCSL members 
of needs for additional calibration support. 

A session on training problems, with R. M. Lady (Lock- 
heed—Georgia) as Chairman, was concerned, among other 
things, with training personnel in the intended use and 
interpretation of results, with teacher training, and with 
the measurement training services at Honeywell, Inc. 

The perennial problems of traceability and calibration 
echelon ratio were attacked by F. C. Russell (North Amer- 
ican Aviation) from the point of view of industry, by 
J. J. Riordan from that of the Department of Defense, 
and by J. E. Condon from the vantage point of NASA. 
Harvey Lance (NBS Radio Standards Laboratory) mod- 
erated the ensuing discussion. 

In the day’s last session, Charles E. White (AVCO) 
summed up his worldwide (nine country) review of prac- 
tices for unifying industrial measurements, and details 
were added by four guests from abroad: G. Cameron, 
Department of National Defense, Canada; H. E. Barnett 
and N. R. Lock, Ministries of Technology and Aviation, 
respectively, Great Britain; and L. Frank, Research In- 
stitute of National Defense, Sweden. Mr. Barnett gave 
details of the program, announced April 26 in the House 
of Commons by the Minister of Technology, for a new 
British Calibration System to be established concurrently 
with the changeover to the metric system. 

At an evening meeting, E. G. Hill (Convair), speaking 
as a financial man to responsible managers, detailed the 
features of a measurements accuracy program which he 
felt were important to top management. 

Wednesday’s first session, on Test Equipment Per- 
formance Requirements, consisted mainly of progress re- 
ports by the NCSL Committees on Electrical, High-Fre- 
quency, Dimensional, and Physical Standards. D. An- 
tonucci (Grumman, Bethpage) was Chairman. 

In a change of pace, general organization and manage- 


International dialogue: H. E. Barnett (center) of the Ministry 
of Technology (Great Britain) exchanges views with Dr. Robert D. 
Huntoon (right) of NBS between sessions of NCSL 1966. 


ment problems were taken up by representatives of MIT, 
Sandia, IBM, Convair, SSCO Standards, and Rocketdyne, 
with M. T. Angelo (Lockheed—California) as Chairman. 
E. J. Arsenault (GE Co., Phila.) introduced the subject 
of Workload Control, and the topic was elaborated by 
C. Rudd (Lockheed—California), Jerry Hayes (Navy 
Metrology Center, Pomona), and J. E. Vondracek 
(Convair). 

The technical sessions closed on the subject of Devel- 
opment of NCSL Recommended Practices for standards 
laboratories. It centered on two papers: one by R. Clar- 
ridge (IBM, Federal Systems) on the development of 
recommended practices in the ISA, the other by J. W. 
Murdock (Philadelphia Naval Shipyard) on the effect 
of installation on measurement system accuracy. 

The Conference proceedings will be published for NCSL 
by the National Bureau of Standards, as NCSL sponsor. 
Each registrant will be sent one copy by mail as soon as 
available. Additional copies can be brought from the 
Superintendent of Documents, U.S. Government Print- 


ing Office, Washington, D.C. 20402.1 


' Price and availability will be announced in the NBS Technical News 
Bulletin. 


Participants in NCSL 1966 discussion of U.S. Government policy for traceability and calibration echelon ratio, left to 

right: Jerry L. Hayes (Navy), George E. Gastineau (Air Force), Carl Morrison (Army), Lloyd B. Wilson (Sperry Gyroscope), 
William A. Wildhack (NBS), John J. Riordan (Office of Secretary of Defense), John E. Condon (NASA), F. C. Russell 
(North American Aviation), and Harvey W. Lance (NBS), Chairman of the session. 
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@ Pictorial material “drawn” on its screen is sensed 
and remembered by MAGIC (Machine for Automatic 
Graphics Interface to a Computer), a research tool de- 
veloped at the National Bureau of Standards in work co- 
supported by NBS and the National Aeronautics and Space 
Administration.t James A. Cunningham, Don E. Rippy, 
Donald E. Humphries, and Paul Meissner designed the 
machine for investigation directed at facilitating man’s 
two-way communication with computers and the operation 
of remote computer inquiry stations. 

MAGIC’s operator draws on the screen of the display 
unit in somewhat the manner in which he would sketch a 
map for a fellow worker, with the assistance of computer 
operations for erasing, translating, rotating, adding addi- 
tional information, and editing. The drawings created 
can be maps, plans, or schematic diagrams, for example. 
A completed drawing can be placed in the computer’s mem- 
ory and recalled for output or additional processing at 
a later time. This feature is of value for drawing routes 
on maps, charting courses, mapping weather predictions, 
keeping progress records, and maintaining up-to-date en- 
gineering drawings. Capable of operating as a self-suff- 
cient computer, MAGIC can also be used with other com- 
puters as an input-output interface with the operator. 


Communicating With Computers 


Computers used in today’s technology require that data 
and instructions be given them in a highly formalized 
language which must be learned by the machine users. 
Even devices enabling pictorial data to be read by the 
computer, for such purposes as automatic character rec- 
ognition and performing biological and metallographic 
analyses,” impose some restrictions on data format. 

The Bureau has long been concerned with reducing 
constraints of the man-computer interface. Computers 
that can accept data in a less restricted form will be useful 
to more people and for solving more types of problems. 
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COMPUTER SYSTEM READS 
DIAGRAMS DRAWN ON SCREEN 


MAGIC does this by assisting its users in constructing 
graphic data and enabling these data to be inserted in the 
computer’s memory in that form. 


Design of MAGIC 


MAGIC consists of a multisection, desk-type console 
forming a crescent before the operator. Visible to the 
operator seated at the console are a cathode ray tube 
(CRT) presenting the primary display, the “light pen” 
used with it, a secondary (passive) display, a keyboard 
input, and built-in and accessory control panels. 

The basic principle of MAGIC is that a curve can be 
represented as a series of points along a connected path 
on the display area. Each point can be described in 
terms of the values of its Cartesian coordinates and num- 
bers corresponding to its display characteristics. Thus a 
curve can be described by three parallel lists of numbers 
giving successive values for two coordinates and the dis- 
play characteristics. 

MAGIC is comprised functionally of a display unit, in- 
cluding both displays and the operator controls, and a 
processing unit, consisting of a control processor and four 
subordinate list processors. Two of the list processors 
handle data forming the X field and the Y field, defining 
the trace path, and a third list processor supplies the dis- 
play characteristics—pictorial or alphanumeric, gain, in- 
tensity, and whether point or line. 

Part of the 90-channel magnetic drum memory serves 
the subordinate list processors. The drum’s rotational 
speed of 1800 rpm provides a display refresh rate of 30 
frames per second, sufficient to prevent flicker of a sta- 
tionary CRT display. With a system clock rate of 54 
kHz, 128 12-bit words are obtained per channel. Ten bits 
are used for each value in each field, making possible 
a square display that has 1024 x 1024 discrete positions. 

Each of the identical X, Y, Z, and W list processors 


receives data from its drum channel and returns them 
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Drawings made on NBS’s MAGIC can be placed in the memory of a digital computer and used to control an X-Y plotter in 
reproducing them, ,an extremely useful feature in reproducing up-to-date versions of engineering drawings kept in a computer memory. 


to the write head for that channel. Operations performed 
on data flowing from the read to the write heads enable 
the operator to insert, delete, enlarge, reduce, shift hori- 
zontally, shift vertically, draw, add, and transfer blocks 
of data to and from general memory. These operations 
can be applied to points designated by the light pen, or 
to an entire figure. 


MAGIC in Operation 


A presentation can be obtained on MAGIC’s primary 
display in three ways: a previously memorized figure 
can be obtained from the machine’s memory, the operator 
can draw a straight-line figure by means of the light pen, 
or a drawing can be assembled from components in the 
machine’s “library” of symbols. In the last method the 
positioning operations are used to manipulate components 
and the light pen to connect them. 
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The operator cannot only position material; he can also 
shrink, expand, and rotate it. When the drawing has been 
edited to the operator’s satisfaction, it can be returned to 
the machine’s memory. The digital information can be 
used to produce “hard” copy also; this has been done by 
placing it on magnetic tape to drive an X—Y plotter. This 
capability lends itself to making engineering changes on 
drawings and keeping up-to-date drawings on the tape for 
ready inspection and reproduction. It also permits mak- 
ing additions to maps, charts, or floor plans, a capability 
which should be useful in charting routes and courses, 
adding isobars and symbols to weather maps, and record- 
ing occupancy assignments. 


MAGIC in System Use 


MAGIC has recently been connected as part of a large 
automatic data processing system. This system consists 
continued 


135 


MAGIC continued 


of a MOBIDIC B twin computer and peripheral devices, 
including MAGIC. The system is being used in investi- 
gating time sharing, interfacing, and man-machine on-line 
techniques. 

MAGIC is connected in the system by a voice-quality, 
half-duplex line limiting the data rate to 2.4kHz. The rate 
could be much higher, except that it is desired to evaluate 
system operation for the voice-quality line, a practical 
and economic necessity for many remote-station applica- 
tions. Display data in the system are stored locally and 
processed under direct user control at MAGIC, while 
MOBIDIC provides a large data base for storing graphic 
data and processing routines. By means of this interactive 
data processing the Center will be able to perform rela- 
tively complex graphic operations—curve fitting, geo- 
metric calculations, and graphical solutions to mathemati. 
cal equations. 


1 MAGIC—a machine for automatic graphics interface to a computer, 
by D. E. Rippy and D. E. Humphries, Proc. Fall Joint Computer Conference, 
1965, pp. 819-830. 

? Digital computer used for quantitative metallographic analyses, NBS 
Tech. News Bull. 47, 26-28 (Feb. 1963). 
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MAGIC consists of a display unit and a processor unit. 

The subordinate list processors and their memory channels 
handle data giving the location and characteristics 

of points of the displayed material. 


A light pen is used to draw routes on a map obtained from machine memory. The control panel and keyboard input are visible 
beyond the operator ; the cathode ray tube at the left is for a secondary presentation. The editing capabilities of MAGIC are useful 
for drawing weather and road maps and updating engineering drawings stored in the memory. 
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New Alkali Resistance 
Test for Porcelain Enamels 


@ A new test for alkali resistance of porcelain enamels 
has recently been developed at the NBS Institute for 
Applied Technology. M. D. Burdick, senior Research 
Associate of the Porcelain Enamel Institute (PEI) at 
NBS, proposed the test after determining the sources of 
variability of test results associated with earlier methods. 
This test eliminates many of the sources of variability and 
is applicable to all types of enamels now in use. In addi- 
tion to new test procedures, the testing equipment has 
been modified to increase its capacity and thereby provide 
more meaningful data for interlaboratory comparisons. 
The proposed test has recently been accepted by PEI as 
a standard test for alkali resistance of porcelain enamels.’ 

All porcelain enamels are highly resistant to attack 
from cold alkaline solutions. Some enamel compositions, 
however, are adversely affected by hot alkaline solutions 
typically encountered in automatic clothes- and dish- 
washers. In the past, many tests have been developed to 
identify and eliminate those compositions that do not 
resist hot alkaline solutions. 

In these earlier tests, weighed specimens were gen- 
erally immersed in a boiling alkaline solution for 2 or 
more hours, after which they were again weighed. The 
weight loss or the loss of gloss was used as a measure of 
alkali attack, and thus of the resistance of the enamel 
to such attack. 

The earlier tests had several deficiencies. Not all 
enamels were affected by the tests, and identical enamels 
subjected to the same test in different laboratories gave 
different results. Therefore, the effects of various test 
conditions were investigated to determine possible causes 
for discrepancies in interlaboratory comparisons. 

The test conditions identified as possible sources of 
error were solution temperature, the reagent used, reagent 
concentration, and exposure time. Of these, temperature 
variations appear to have been the main cause of inter- 
laboratory disagreement. In requiring boiling solutions, 
the earlier tests made no provisions for the factors that 
affect the temperature of the boiling solution. 

This temperature, while roughly constant, is affected by 
the laboratory elevation, atmospheric pressure, and the 
rate of boiling. Laboratory elevation differences of 500 
to 1,000 ft will change the boiling temperature by about 
1° C. Atmospheric pressure may easily vary as much as 
1.5 in. of mercury in the same location and this will change 
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the boiling temperature by more than 1° C. While a 
1° change at 90° C is not large, it will cause a difference 
in weight loss of 12 percent. Between very slow and rapid 
boiling rates, the difference in weight loss may be as 
much as 10 percent. The combined effect of these factors 
is too large to permit reproducible results for tests in 
which temperature control depends on the boiling tem- 
perature of the reagent solution. 

To eliminate the temperature variation and other sources 
of error, the new test specifies the reagent, reagent con- 
centration, solution temperature, stirring rate, and the 
number of specimens to be tested. It also provides 
detailed instructions for cleaning and weighing of the speci- 
mens after the test. The average weight-loss of the speci- 
mens is to be used as the measure of alkali attack. 

The test requires that six specimens of the same type 
be immersed for 6 hours in a 5-percent solution of tetra- 
sodium pyrophosphate. The solution is to be stirred by 
an impeller operated at 1,800 rpm and temperature main- 
tamed at 96 =£0.2°..C: 

Although enamels may be exposed to other alkaline 
solutions in normal use, sodium pyrophosphate was se- 
lected as representative of the type of alkali used in com- 
mercial detergents. The reagent concentration, solution 
temperature, and duration are more severe than those in 
earlier tests so that some degree of alkali attack may be 
expected on even the most resistant compositions. 

The equipment used in this test is basically the same 
as that used in previous NBS work.’ It consists of an 
3-liter stainless steel beaker, a sealed cover, a temperature 
control, and a stirring device. The cover has three open- 
ings for specimen holders and one for the stirring device. 
To permit six specimens to be tested simultaneously the 
specimen holders were modified to hold two specimens 
each, and the flow pattern of the solution was changed to 
insure the same degree of attack on each specimen. In 
order to obtain concordant results, different laboratories 
must use apparatuses that are essentially identical in 
dimensions and arrangement of components in addition 
to the variables mentioned above. 

‘For additional information, see Test for Alkali Resistance of Porcelain 
Enamel, T-25, a standard test of the Porcelain Enamel Institute. Avail- 
able from the Porcelain Enamel Institute, 1900 L Street NW, Washington, 
D.C. 20036 (50 cents). 

2 Some experiments in comparing the resistance of enamels to corrosion 


by alkaline solutions, by H. B. Kirkpatrick, E. L. McGandy, and J. C. 
Richmond, J. Am. Cer. Soc. 40, 389-395 (1957). 
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Borosilicate specimens are (bottom) cobalt 60 
exposed, (upper right) electron exposed, and 
(upper left) unexposed for comparison. 


Wi One of the major considerations in designing cam- 
eras and television systems for use in outer space is the 
effect of the space environment on focus and picture 
geometry. Many navigation and guidance systems, such 
as star trackers, require a pointing accuracy not to exceed 
one second of arc. A change of two or three units in the 
sixth decimal place of refractive index, corresponds to a 
change of one second of arc in angular deflection of the 
light rays in these systems. Thus a careful evaluation of 
the refractive properties of glass components should be” 
made when designing systems for space environments. 


Space Radiation Affects 
Refractive Properties of Glass 


Barium crown specimens are (left) unprotected and 
unexposed, (bottom) electron exposed showing electron 
discharge pattern, (right) cerium protected and electron 

exposed, and (top) cerium protected and unexposed. 


Flint specimens are (bottom left) unprotected and 
unexposed, (bottom right) cobalt 60 exposed, (middle right) 
cerium protected and cobalt 60 exposed, (top) cerium 
protected and electron exposed, and (middle 

left) cerium protected and unexposed. 
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Marilyn Dodge examines a specimen of glass that has been exposed. to 
radiation, to determine the amount of change in its refractive index. 


In a recent study ' by I. H. Malitson and M. J. Dodge 
of the NBS Institute for Basic Standards, different types of 
glass were evaluated to determine their refractive in- 
dices after exposure to cobalt 60 and electron radiation in 
the wavelength region from 4000 to 7000 angstroms. 
This study, supported by the National Aeronautics and 
Space Administration and the Department of Defense, 
was made on glass exposed to 10° rads of Co gamma 
radiation, and 10'° e/cm? at 2 MeV which is estimated to 
be the integrated electron flux equivalent to that encoun- 
tered by a space vehicle during 1 year of orbit in the 
earth’s radiation belts. 

The tests were performed on borosilicate, flint, and 
barium crown glass, and fused silica. Cerium-protected 
specimens of borosilicate and flint glass were also included 
in the tests. The glass specimens were in the form of 60° 
prisms and were approximately 10 mm thick. 

The cobalt irradiation of the specimens was performed 
at the NBS gamma ray laboratory. The radiation source 
consisted of a series of 12 fifteen-centimeter-long cobalt 
60 rods arranged in a cylindrical configuration at the bot- 
tom of a 3-meter-deep pool of water. The specimens to 
be irradiated were placed in a watertight stainless steel 
can and lowered into the center of the array where they 
remained for the time required to receive the desired 
dosage. 

The electron irradiation was performed by the Naval 
Research Laboratory by means of a Van de Graaff 
generator. 

The results of the tests for radiation exposed boro- 
silicate, barium crown, and flint glass show that: (1) The 
refractive index can change by as much as 2 in the fourth 
decimal place in unprotected glasses, and by 6 in the fifth 
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The 12 cobalt rods supply approximately 38,000 curies 

at their geometric center. Glass specimens are placed in a 
watertight can, then lowered into the center of the cobalt rods 
which are at the bottom of a 3-meter-deep pool of water. 


decimal place in cerium-protected glass, as a result of ex- 
posure to gamma and electron radiations; (2) the unpro- 
tected specimens turned brown after radiation, whereas 
the cerium-protected specimens remained uncolored; (3) 
the values of refractive index change erratically as a func- 
tion of time after irradiation in the unprotected glasses, 
and the changes diminish as the induced absorption decays 
with time. In the protected glasses, the radiation induced 
index changes appear to remain constant with time; and, 
(4) after exposure to electrons, the protected flint glass 
and the unprotected barium crown glass developed an 
electron discharge pattern, known as Lichtenberg figures, 
that result from the discharge of trapped electrons 
through the glass. The paths of the discharged electrons 
can be easily seen by the localized cracking of the glass. 
The specimens of fused silica showed no appreciable 
change in color or refractive index after exposure to 10° 
rads. 

The results permit the following conclusion: For 
high-resolution cameras and television systems that are to 
be used in a radiation environment, unattended for long 
periods of time, index changes of the magnitude observed 
in this study may result in degradation of image quality. 

The Bureau’s plans for further investigation include a 
comprehensive study of the interrelation between radia- 
tion induced absorption and refractive index for glass and 
crystals. This work should provide solid-state investiga- 
tors with accurate index data for checking current theories, 
developing new theories, and correlating various observa- 
tions. 


"For further details, see Effects of space radiation on refractive prop- 
erties of optical glass, by I. H. Malitson and M. J. Dodge, Proc. Annual 
Conference of Photography, Science, and Engineering, p. 75 (May 1966). 
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Photonuclear Data Center 


M@ Physicists, engineers, and others requiring experi- 
mental data on the interaction of electromagnetic radia- 
tion with nuclei may now obtain the information through 
the Photonuclear Data Center at the Bureau. This Cen- 
ter’s operations are carried out under the auspices of the 
Office of Standard Reference Data by the NBS Photo- 
nuclear Physics Section. The group maintains a current 
file of abstracted data on photonuclear reactions (y,n), 
(y.p). (yy), etc.; cross sections; ground state capture 
reactions; and electron scattering cross sections. A com- 
pletely cross-referenced index to the data in the files is also 
maintained. The group has recently issued a Photonuclear 
Data Index (NBS Misc. Publ. No. 277), which indexes the 
data in the files abstracted from papers published in the 
period from 1955 through 1964. This annotated bibli- 
ography contains quantitative information about the con- 
tent of each paper, and furnishes a means of readily 
locating experimental data about a particular nucleus and 
reaction. Supplements to the Index will be issued to cover 
recently published data. Requests for information or data 
that are in the Center’s files may be made either by mail 
(Photonuclear Data Center, National Bureau of Standards, 
Washington, D.C. 20234) or phone (301-921-2625). 


Survey of Information Centers 


The Office of Standard Reference Data conducted a 
survey of approximately 40 information centers to obtain 
information on operating experience that would be helpful 
to the planning and design of its Information Services 
program. Details were requested on the following mat- 
ters: (1) general method of operation; (2) type of serv- 
ices and charges; (3) handling of inquiries; (4) costs; 
(5) personnel; (6) facilities; (7) equipment; (8) quality 
control; (9) statistics on documents processed; (10) in- 
dexing and classification procedures; (11) storage and 
retrieval; (12) most efficient techniques. 

The survey revealed that most of the responding cen- 
ters are mission-oriented, serving a specific qualified au- 
dience, and are usually supported entirely or almost en- 
tirely by a Government agency. Most products and 
services are usually available on request and almost al- 
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ways free of charge. Some, however, offer services and 
products at the cost of a membership fee. 

Most information centers operate formal inquiry serv- 
ices available to their specialized audiences without any 
cost to the inquirer. Some charge if generation of replies 
will cost beyond a specified amount; some will charge cost 
of copy reproduction only; most are concerned with costs 
and have set a limit for the amount of time to allow for 
generation of replies; some will provide, on a cost reim- 
bursement basis, “‘special reports” for a specific customer’s 
unique interest and not for general distribution. 

Among the types of activities and services performed 
by information centers are: (a) storage of data, informa- 
tion, documents; (b) retrieval of data, information, docu- 
ments; (c) lending and/or selling of documents; (d) 
compilation of data, information, bibliographies, direc- 
tives, etc; (e) performing literature searches; (f) evalu- 
ating data and/or literature input; (g) preparing thesauri, 
indexes, abstracts, extracts; (h) developing state-of-the- 
art papers and critical reviews; (i) issuing ad hoc and/or 
serial publications such as newsletters, journals, etc.; 
(7) engaging in communication and information research; 
and (k) contracting for products and services. 

Among respondents, personnel ranged from 2 in one 
center to 18 full-time and 42 part-time employees in an- 
other. The key personnel are universally professionals 
with advanced degrees, often on the doctorate level, and 
are technical specialists in the central area of the technical 
mission of the center. Usually each center has such key 
technical individuals in the information services. 

Physical space ranged from 2400 to 40,000 sq. ft. 
Specialized missions often require specialized facilities, 
such as fireproof vaults with humidity controlled film 
cabinets. 

Most centers indicated they use some standard form 
of mechanized data processing equipment to some extent. 
Only one center indicated that it uses primarily a manual 
system for storage and retrieval. Other than the normal 
office equipment, that most often mentioned included 
copiers, microfiche readers, viewers and printers, offset 
presses, and data processing equipments. 

Most respondents answered the item on quality con- 
trol measures with generalized statements on establishing 
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proper standard operating procedures and checking that 
these are strictly followed. “User feedback” was a phrase 
often employed, but few details were given on how this 
mechanism operated, other than through personal contact. 

Statistics were provided by respondents on number of 
documents in their input, the number in their output, the 
number of inquiries received and serviced. These varied 
with size and missions of center. 

Indexing and classification approaches depend on the 
technical mission of the center and the consumer served. 
Both single and conjunctive access indexes are used. In- 
dexes are arranged by subject, by geographical factors of 
subject matter, or by hierarchical considerations of the 
special technical content of the center’s mission. Thesauri 
are frequently utilized. 

A wide gamut of storage and retrieval approaches were 
indicated—from the traditional card catalog, manual sys- 
tem to a mechanized weighted term index, stored in a 
large computer. Accession numbers cross-indexed with 
corporate sources, as well as key words, play a role in 
some systems. 

Among efficient techniques mentioned were (a) field of 
interest register of users; (b) use of reference and cross 
reference files; (c) gearing entire system to user needs, 
minimizing irrelevant material user sees; (d) continual 
personal contact with the user; (e) placing primary em- 
phasis upon selection of personnel used for evaluating 
data; (f) design study preceding actual system of opera- 
tion and testing of design procedures through actual oper- 
ation for checking and improving system and its details; 
(g) use and maintenance of Operations Manual contain- 
ing outlines of detailed procedure for all of the operating 
personnel. 

Among comments received, four in the form of ques- 
tions requiring decisions by a center are worthy of note: 
(a) Are you to use the same personnel to abstract and 
index who answer the inquiries? Is this going to be their 
sole occupation?: (b) What type of people do you want 
for information services and how do you motivate talented 
people to take an interest in this field? (c) How do you 
keep specialists up to date if they have a wide variety of 
fields to cover? (d) What balance do you strike between 
travel, reading, answering inquiries, and consulting with 
visitors ? 


NRC-NBS Infrared Spectral Data Collection 
Available 


Infrared spectroscopy is probably the most widely used 
single instrumental tool of analytical chemistry, and is also 
a most important method of studying molecular structure, 
chemical bond strengths, and related topics. In all these 
applications, the user scientist needs a reference collection 
of reliable infrared spectra of specific compounds. 

From 1952 to 1960, the National Research Council Com- 
mittee on Spectral Absorption Data and the National 
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Bureau of Standards collaborated in the publication and 
distribution of selected infrared spectral data. The NRC- 
NBS collection contains spectra of about 2,500 compounds 
and associated data plus the literature references indicating 
the source of the spectra. The collection is almost 6 years 
out of date, and many of the spectra are now superseded by 
better curves run on higher precision grating spectro- 
photometers. These limitations preclude the publication 
of the spectra as Standard Reference Data, but the in- 
formation can nevertheless be put to excellent use. 

On the advice of the Coblentz Society Board of Manage- 
ment and with its assistance, the Office of Standard Refer- 
ence Data has decided to make the remaining sets of spec- 
tral data cards and sheets available to colleges, universities, 
and other nonprofit institutions whose scientific reference 
resources are limited. The only charge will be for pack- 
aging and shipping the material. _Interested institutions 
can obtain further information by writing Dr. Nelson 
Fuson, president of the Coblentz Society, Post Office Box 
730, Norwalk, Conn., or Dr. S. A. Rossmassler, Office of 
Standard Reference Data, National Bureau of Standards, 
Washington, D.C. 20234. 

The reference collection exists in two physical formats— 
a set of edge-notched cards, 614 x 71% inches, and a set 
of 814 x 11 inch sheets. The set of 2,500 cards weighs 
somewhat under 100 pounds; the set of sheets is sub- 
stantially lighter. Shipping costs will, therefore, be mod- 
erate. There are approximately 30 sets of the cards, and 
a similar quantity of the sheets. 

As this compilation provides no new data, the present 
activity is primarily an effort to make the best possible 
use of what would otherwise be discarded as surplus ma- 
terial. 


Computer Prepares Crystal Data Compilation 


NBS is preparing a major scientific reference work 
using significant new computer techniques. This work, a 
third edition of Donnay’s Crystal Data, will be produced 
by tape-controlled photocomposition, and the editing of 
the tape will be done by computer. 

More specifically, the text and ae are being key- 
boarded into punched paper tape, partly from the previous 
edition, partly from sheets on which new information, ob- 
tained since the appearance of the earlier edition, has been 
recorded. (One-fourth to one-third of the information 
is new.) The keypunching need not be done in order. 
The keyboard also produces a typewritten copy, far less 
elaborate than the final printed copy; it is proofread and 
corrections are keyboarded into separate pieces of paper 
tape. 

All data from paper tapes are automatically transcribed 
on magnetic tape, using a special transcriber. The mag- 
netic tapes are fed into a general-purpose computer, 
which first inserts the corrections and then performs a 
variety of editing tasks. The information is arranged into 

continued on page 143 
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PROGRAM ANNOUNCED FOR 
TRACE CHARACTERIZATION SYMPOSIUM 


Program plans are now complete for the first Materials 
Research Symposium to be held at the National Bureau 
of Standards’ new site in Gaithersburg, Md., from Oc- 
tober 3 through October 7, 1966. The Symposium, pre- 
sented by the NBS Institute for Materials Research will 
be on Trace Characterization—Chemical and Physical. 

The purpose of the Symposium is to improve the effec- 
tiveness of materials research by summarizing the present 
capabilities and the future potentials of the more useful 
tools for trace characterization of materials, and by pro- 
moting with international participation the exchange of 
knowledge among the various disciplines upon which a 
complete and meaningful trace characterization depends. 

The program offers a coherent full week symposium 
consisting of invited lectures followed by discussion ses- 
sions on the same topics. Rapporteurs will summarize the 
salient points of contributed papers and lead the general 
discussion. No simultaneous sessions will be held, and 
it is intended that registrants will participate in all sessions. 
The invited lecturers and rapporteurs are listed in the 
Outline of Program below. 

Advance registration forms are being sent 6 weeks prior 
to the Symposium to those expressing interest in attending. 
As attendance will be limited by the physical capacity of 
the Bureau’s large auditorium, those wishing to attend 
should return the forms promptly. 

The registration fee of $35 will cover transportation 
between NBS and the Sheraton Park Hotel, a ‘“‘mixer” at 
the hotel, a reception and buffet dinner at the Museum 
of History and Technology, a book of preprints of con- 
tributed papers, and a hard-bound edition of the proceed- 
ings of the Symposium containing the invited papers and 
discussions. 

Those who have not previously indicated their interest 
in the Symposium may write to Dr. Roger G. Bates, Insti- 
tute for Materials Research, National Bureau of Standards, 
Washington, D.C. 20234. 


Outline of Program 


SUNDAY, OCT. 2 


Event 
Registration—Sheraton Park 
Hotel, Washington, D.C. 


MONDAY, OCT. 3 


Morning 
Gordon K. Teal, Director 
NBS Institute for Materials Research 
Washington, D.C. 


Opening of Symposium 
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N. Bruce Hannay, Lecturer 
Bell Telephone Laboratories 
Murray, Hill, N.J. 


Leonard Weisberg, Lecturer 
RCA Research Laboratories 
Princeton, N.J. 


Herbert A. Laitinen, Lecturer 
University of Illinois 
Urbana, Ill. 


Afternoon 


Robert A. Osteryoung, Rapporteur 

North American Aviation Science 
Center 

Thousand Oaks, Calif. 


Robert L. Powell, Rapporteur 
National Bureau of Standards 
Boulder, Colo. 


Evening 


General Lecture 


Electrical Measurements 


Electrochemical Methods 


Electrochemical Methods— 
Discussion 


Electrical Measurements— 
Discussion 


Mixer, Sheraton Park Hotel 
TUESDAY, OCT. 4 
Morning 


N. W. H. Addink, Lecturer 
Phillips Research Laboratories 
Eindhoven, Netherlands 


Jun-ichi Chikawa and 

John B. Newkirk, Lecturers 
Denver Research Institute 
University of Denver 
Denver, Colo. 


Afternoon 


Spec- Heinrich Kaiser, Rapporteur 
Institut fiir Spektrochemie und 
Angewandte Spektroskopie 
Dortmund, Germany 


H. Steffen Peiser, Rapporteur 


National Bureau of Standards 
Washington, D.C. 


WEDNESDAY, OCT. 5 
Morning 


Eugene Wong, Lecturer 

University of California at Los 
Angeles 

Los Angeles, Calif. 


Optical and X-Ray 
Spectroscopy 


X-ray Diffraction 


Optical and X-Ray 
troscopy—Discussion 


X-Ray Diffraction— 
Discussion 


Optical Methods 


Optical Methods— 
Discussion 


Chemical Spectrophotometry T. S. West, Lecturer 
Imperial College of Science and 
Technology 


London, England 
Chemical Spectrophotometry— 


Discussion 
Afternoon 
Tours of Washington Area 
Evening 
Reception 
Museum of History and 
Technology 


Smithsonian Institution 
Buffet Dinner at Museum 


THURSDAY, OCT. 6 
Morning 


A. A. Smales, Lecturer 

Atomic Energy Research 
Establishment 

Harwell, Berks, England 


Arthur J. Ahearn, Lecturer 
Bell Telephone Laboratories 
Murray Hill, N.J. 


Nuclear Methods 


Mass Spectroscopy 


NBS Technical News Bulletin 


Afternoon 


Vincent P. Guinn, Rapporteur 
General Atomic Division 
General Dynamics Corp. 

La Jolla, Calif. 


Edward B. Owens, Rapporteur 
Lincoln Laboratory, M.I.T. 
Lexington, Mass. 


BRIDAVRO GiamG 
Morning 


J. Minczewski, Lecturer 
Technical University of Warsaw 
Warsaw, Poland 


S. Amelinckx, Lecturer 
Belgium Atomic Energy Center 
Mol, Belgium 


George H. Morrison, Rapporteur 
Cornell University 
Ithaca, N.Y. 


Afternoon 


Heinz G. F. Wilsdorf, Rapporteur 
University of Virginia 
Charlottesville, Va. 


W. Wayne Meinke 
National Bureau of Standards 
Washington, D.C. 


THERMOPHYSICS SPECIALIST CONFERENCE 
TO BE HELD IN APRIL 1967 


Thermal Balance of Spacecraft is Central Topic 


A Thermophysics Specialist Conference of the American 
Institute of Aeronautics and Astronautics will be held in 
New Orleans in April 1967. The purpose of the confer- 
ence will be to provide an opportunity for thermo- 
physicists and space scientists to exchange current infor- 
mation on spacecraft thermal problems and possible means 
for solving them. The conference is sponsored jointly 
by the National Bureau of Standards and the Air Force. 

Spacecraft in orbit maintain their thermal balance 
through radiative processes. This thermal balance de- 
pends on the radiation properties of the outer surface of 


Nuclear Methods—Discussion 


Mass Spectroscopy— 
Discussion 


Pre-Concentration Methods 


Electron and Optical 
Microscopy 


Pre-Concentration Methods— 
Discussion 
Electron and Optical 


Microscopy—Discussion 


Closing Remarks 


the spacecraft. To bring thermophysicists who are study- 
ing the thermal properties of solids together with space 
scientists who need current information on these prop- 
erties, five symposia have been held since 1959. In addi- 
tion to the thermal properties of solids, the scope of the 
last conference in September 1965 was broadened to in- 
clude thermophysics of reentry, thermal conductivity of 
joints, thermal modeling, and _ related topics of 
thermophysics. 

For the first time at the April 1967 conference, planetary 
radiative properties, which contribute significantly to the 
space radiation environment, will be one of the discussion 
topics. Other conference topics will include: 

1. Remote Detection of Radiative Properties 

2. Physics of Reentry 

3. Measuring Techniques in Radiation 

4. Thermal Modeling 

5. Thermal Flight Experiments 

6. Cryogenic Insulation and Thermal Contact Resistance 

7. Environmental Effects on Thermal Radiation Prop- 
erties 

8. Surface Characterization 

9. Radiation in Translucent Solids 

0. Radiant Heat Transfer Analysis (Computer Pro- 
grams) 

Chairman of the AIAA Thermophysics Committee is 
Gerhard B. Heller, of the Marshall Space Flight Center, 
NASA, Huntsville, Ala. Chairman of the Program Com- 
mittee for the April conference is Dr. Y. S. Touloukian, 
Director, Thermophysical Properties Research Center, 
Purdue University, 2595 Yeager Road, Lafayette, Ind. 
47900. 

Authors wishing to present papers at the Symposium 
should submit abstracts to Dr. Touloukian by Septem- 
ber 15, 1966. 


NSRDS NEWS continued 


the order in which it is to appear in print. Some arith- 
metic checks are applied to the numerical information. 
Literature references are compared with a computer-stored 
list of standard abbreviations of journal titles. The com- 
puter then prepares two alphabetical indexes, one by 
chemical formula, one by chemical compound name. 
These are automatically put into the arrangement in which 
they are to be printed. 

Finally, the computer deletes certain keypunched sig- 
nals which are not wanted in print, and breaks the copy 
into lines of proper length, inserting spaces between para- 
graphs, breaking into pages, inserting page headings and 
page numbers. The output of the computer appears in 
magnetic tape, which is automatically transcribed to paper 
tape. The latter drives a photocomposition unit operated 
by the Government Printing Office. 
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The previous edition of Donnay, which was published 
by the American Crystallographic Association in 1963, 
took 3 years to produce, largely because of the time needed 
to make up the indexes. Production by computer is ex- 
pected to save time and avoid errors in the routine index- 
ing job through its automatic checking features. Another 
great advantage is expected to be the ease of inserting 
future corrections and additions; completely up-to-date 
information will always be available on tape, and can be 
printed more frequently and with less effort. On the 
negative side is the investment which has gone into the 
preparation of the necessary computer programs. 

The keyboarding is well under way and sample pages 
have been put through the entire process in time for 
exhibition at the Congress of the International Union of 
Crystallography held in Moscow in July 1966. The meth- 
ods that have been developed for this publication should 
be widely useful for other data compilations. 
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PERIODICALS 


Technical News Bulletin, Volume 50, No. 7, July 1966. 15 cents. 
Annual subscription: $1.50. 75 cents additional for foreign 
mailing. Available on a 1-, 2-, or 3-year subscription basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $5; foreign, $6. Single copy, 


$1. 
Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 


$2.75. Single copy, 75 cents. 

Section C. Engineering and Instrumentation. Issued quarterly. 
Annual subscription: Domestic, $2.75; foreign, $3.50. Single 
copy, 7o cents. 


CURRENT ISSUES OF THE JOURNAL OF RESEARCH 


J. Res. NBS 70C (Engr. and Instr.), No. 3 (July—Sept. 1966), 
75 cents. 


Some harmonic properties of an oscillating Fabry-Perot inter- 


ferometer. M. Gadsden and H. M. Williams. 


Precise reflection coefficient measurements with an 
reflectometer. W. E. Little and D. A. Ellerbruch. 
A versatile ratio instrument for the high ratio comparison of 

voltage or resistance. A. E. Hess. 


Console for the rapid and precise comparison of volt boxes. 


P. H. Lowrie, Jr. 


untuned 
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Corrosion rates of binary alloys of nickel and iron measured by 
polarization methods. W. J. Schwerdtfeger. 


The effect of cold-drawing on the creep behavior of a nickel-4.2 
percent aluminum alloy. W. D. Jenkins and W. A. Willard. 


Magnetic transformation and the influence of plastic strain on 
the shear modulus of Fe-Cr-Ni alloys. R. P. Mikesell and 
R. P. Reed. 


OTHER NBS PUBLICATIONS 


Weather Resistance of porcelain enamels. Effect of exposure site 
and other variables after 7 years, M. A. Rushmer and M. D. 
Burdick, Bldg. Sci. Series 4 (May 2, 1966), 20 cents. 

Some properties of the calcium aluminoferrite hydrates, E. T. 
Carlson, Bldg. Sci. Series 6 (June 1, 1966), 20 cents. 


Quarterly radio noise data. December, January, February 1964-65, 
W. Q. Crichlow, R. T. Disney, and M. A. Jenkins, NBS Tech. 
Note 18-25 (Mar. 14, 1966), 40 cents. 


(Formerly Central-Radio Propagation Laboratory of the National 
Bureau of Standards, now Environmental Science Services Ad- 
ministration, Boulder, Colo.) 

Selected values of chemical thermodynamic properties. Part 2. 
Tables for the elements 23 through 32 in the standard order of 
arrangement, D. D. Wagman, W. H. Evans, I. Halow, V. B. 
Parker, S. M. Bailey, and R. H. Schumm, NBS Tech. Note 270-2 
(May 6, 1966), 40 cents. 

Spark source mass spectrograph program July 1964 to June 1965, 
P. J. Paulsen and P. E. Branch, NBS Tech. Note 286 (Apr. 15, 
1966) , 25 cents. 


Measurement philosophy of the pilot program for mass calibra- 
tion, P. E. Pontius NBS Tech. Note 288 (May 6, 1966), 30 


cents. 


Some properties of the eigenfunctions and eigenvalues introduced 
by Bethe for the linear chain of atoms, H. Unruh, Jr., NBS Tech. 
Note 328 (Apr. 19, 1966), 25 cents. 

An introduction to sampled data and switching logic, T. L. Davis, 
NBS Tech. Note 334 (Apr. 1, 1966), 40 cents. (Formerly Cen- 
tral Radio Propagation Laboratory of the National Bureau of 
Standards, now Environmental Science Services Administration, 


Boulder, Colo.) 
PUBLICATIONS IN OTHER JOURNALS 


This column lists all publications by the NBS staff, as soon after 
issuance as practicable. For completeness, eralier references not 
previously reported may be included from time to time. 


Chemistry 


Acid-base behavior in methanol-water solvents, R. G. Bates and 
R. A. Robinson (Proc. Intern. Symp. Electrochemical Society, 
Toronto, Canada, May 4-6, 1964), Book, Chemical Physics of 
Ionic Solutions, ch. 12, pp. 211-235 (John Wiley & Sons, Inc., 
New York, N.Y., 1966). 

Combustion and reaction calorimetry of several compounds of 
interest in a light element program, G. T. Armstrong (Proc. 3d 
Meeting of the ICRPG Working Group on Thermochemistry, 
El Segundo, Calif., Mar. 17-18, 1965), Chemical Propulsion 
Information Agency I, No. 82 (U), 81-88 (July 1965). 


Composition, work and interrelation of international and national 
organization engaged in the standardization of dental materials 
and therapeutic agents, G. C. Paffenbarger and M. Kumpula, 
Intern. Den. J. 15, No. 4, 571-587 (Dec. 1965). 

Crystal imperfections in magnesium fluoride, D. J. Barber, J. Appl. 
Phys. 36, No. 10, 3342-3349 (Oct. 1965). 

Dental application of polymers: a review, G. M. Brauer, J. Am. 
Dental Assoc. 72, 1151-1158 (May 1966). 

Dislocations and stacking faults in rutile crystals grown by flame- 
fusion methods, D. J. Barber and E. N. Farabaugh, J. Appl. 
Phys. 36, No. 9, 2803-2806 (Sept. 1965). 

Effect of reactions with the atmosphere during fatigue of metals, 
J. A. Bennett (Pro¢. Sagamore Conf. Fatigue, Sagamore, N. Y., 
Aug. 15, 1963), Book, Fatigue and Interdisciplinary Approach, 


NBS Technical News Bulletin 


pp. 209-227 (Syracuse University Press, Syracuse, N.Y., 1964). 


Electrometric method of pH determination, R. G. Bates, Book, 
Standard Methods of Chemical Analysis, 6th ed., IITA. Instru- 
mental Analysis, Ed. F. J. Welcher, ch. 26, pp. 521-532 (D. Van- 
Nostrand Co., Inc., Princeton, N.J., 1966). 


Field-ion microscopy of ruthenium at 77° K, A. J. Melmed and R. 
Klein, J. Less-Common Metals 10, 225-228 (1966). 


Growth of large sodium chloride crystals from solution for color- 
center studies, P. M. Gruzensky, J. Chem. Phys. 43, No. 11, 
3807-3810 (Dec. 1965). 

Kinetics of desorption of the beta-nitrogen states chemisorbed on 
tungsten, T. E. Madey and J. T. Yates, Jr., J. Chem. Phys. 44, 
No. 4, 1675-1684 (Feb. 15, 1966). 


Melting, flow, and thermal expansion characteristics of some dental 
and commercial waxes, M. Ohashi and G. C. Paffenbarger, J. Am. 
Dental Assoc. 72, 1141-1150 (May 1966). 


Photoionization mass spectrometry of NO, R. M. Reese and H. M. 
Rosenstock, J. Chem. Phys. 44, No. 5, 2007-2009 (Mar. 1, 1966). 


Recrystallization of anodic alumina films, D. J. Barber, J. Electro- 
chem. Soc. 112, No. 11, 1143-1145 (Nov. 1965). 


Rubber and rubber products, M. Tryon and E. Horowitz, Book, 
Standard Methods of Chemical Analysis, 6th ed., IIIB. Instru- 
mental Analysis, Ed. F. J. Welcher, ch. 59, pp. 1664-1763 (D. 
VanNostrand Co., Inc., Princeton, N.J., 1966). 


The concentration dependence of the sedimentation coefficient of 
polystyrene in dilute solution, I. H. Billick, Preprint American 
Chem. Soc. 5, No. 2, 855-860 (1964). 

The reaction between O(*°P) and condensed olefins below 100° K, 
A. N. Hughes, M. D. Scheer, and R. Klein, J. Chem. Phys. 70, No. 
3, 798-805 (Mar. 1966). 


Titrimetric and equilibrium studies using indicators related to 
Nile Blue A, M. M. Davis and H. B. Hetzer, Anal. Chem. 38, 
451-461 (Mar. 1966). 


Engineering and Instrumentation 


ADI auxiliary publications program, R. W. Zimmerer, IEEE Trans. 
Microwave Theory Tech. MTT—13, No. 6, 883-884 (Nov. 1965). 


A precision pulse-operated electronic phase shifter and frequency 
translator, J. Barnes and A. Wainwright, Proc. IEEE 53, No. 12, 
2143-2144 (Dec. 1965). 

Can infrared improve visibility through fog? A. Ashley and C. A. 
Douglas, Illum. Engr. 61, No. 4, 243-250 (Apr. 1966). 


Condensate collection as a measuring technique for studying the 
cooling capacity of air-conditioning units, P. R. Achenbach and 
J. C. Davis (Proc. XI Intern. Congress of Refrigeration, Munich, 
Germany, 1963), Book, Progress in Refrigeration Science and 
Technology II, 1281-1286 (Pergamon Press, Inc., New York, N.Y., 
1963). 


Cryogenic coil for megajoule energy storage, V. Arp, Proc. Intern. 
Symp. Magnet Technology, Ed. H. Brechna and H. S. Gordon, pp. 
625-629 (U.S. Atomic Energy Commission, 1965). 

Design considerations for a Kossel microdiffraction camera, D. L. 
Vieth and H. Yakowitz, Rev. Sci. Instr. 37, No. 2, 206-209 
(Feb. 1966). 


Heating performance of air-to-air heat pumps at two Air Force 
housing projects, P. R. Achenbach, C. W. Phillips, and W. T. 
Smith, ASHRAE J. 70, 390-407 (1964). 


Kinematic locator for crystal alignment, B. G. Simson and R. D. 


Deslattes, Rev. Sci. Instr. 37, No. 3, 300-301 (Mar. 1966). 


Laboratory study of the effect of solar radiation on cooling load 
of stationary refrigerated vehicles, P. R. Achenbach and C. W. 
Phillips (Proc. XI Intern. Congress of Refrigeration, Munich, 
Germany, 1963), Book, Progress in Refrigeration Science and 
Technology III, 1631-1635 (Pergamon Press, Inc., New York, 
N.Y., 1963). 


Measuring the cooling load of refrigerated vehicles by free evapora- 
tion of liquid nitrogen, P. R. Achenbach, C. W. Phillips, and 
R. W. Penney, Suppl. Bull. Intern. Inst. Refrigeration, Com- 
mission VII, 3, 115-124 (1965). 


Thermodynamic property computations for systems analysis, J. G. 
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Hust and R. B. Stewart, ASHRAE J., pp. 64-68 (Feb. 1966.) 
Metrology 


Infrared reflectance of frost, H. J. Keegan and V. R. Weidner, J. 
Opt. Soc. Am. Letter 56, No. 4, 523-524 (Apr. 1966). 

Lightness change of grays induced by change in reflectance of gray 
background, H. Takasaki, J. Opt. Soc. Am. 56, No. 4, 504-509 
(Apr. 1966). 

Thoughts on weights and measures, M. W. Jensen, Soap and 
Chemical Specialties VLII, No. 4, 99 (Apr. 1966) . 


Physics 


Analysis of the spectrum of neutral erbium (Er I), N. Spector, J. 
Opt. Soc. Am. 56, No. 3, 341-349 (Mar. 1966). 

Critical configurational entropy at glass transformation, S. S. Chang, 
A. B. Bestul, and J. A. Horman, Proc. VII Intern. Conf. Glass, 
Brussels, Belgium, 1965, pp. 26.1-26.15 (Gordon & Breach, New 
York, N.Y., 1966). 


ESR measurement of metastable atomic nitrogen in helium-nitrogen 
afterglows, K. M. Evenson and H. E. Radford, Phys. Rev. Letters 
15, No. 24, 916-917 (Dec. 1965). 

Excitation of molecular rotation by slow electrons II, S. Geltman 
and K. Takayanagi, Phys. Rev. 143, No. 1, 25-30 (Mar. 4, 1966). 

Field emission ultramicrometer, R. D. Young, Rev. Sci. Instr. 37, 


No. 3, 275-278 (Mar. 1966). 


Microscopic visualization of dose distributions, W. L. McLaughlin, 
Intern. J. Appl. Radiation Isotopes 17, 85-96 (1966). 

Multiple scattering corrections for proton range meansurements, M. 
J. Berger and S. M. Seltzer, Natl. Acad. Sci—Natl. Res. Council 
Publ. 1133, #5. Studies in Penetration of Charged Particles in 
Matter. Nuclear Science Series Report 39, pp. 69-98 (1964). 


Nuclear giant quadrupole resonance, R. Ligensa, W. Greiner, and 


M. Danos, Phys. Rev. Letters 16, No. 9, 364-367 (Feb. 28, 1966). 


Nucleation in polymers, F. Gornick and J. D. Hoffman, Ind. Engr. 
Chem. 58, No. 2, 41-53 (Feb. 1966) . 


Possible importance of internal excitation in ion-molecule reactions 
in the F region, L. Thomas and R. B. Norton, J. Geophys. Res. 71, 
No. 1, 227-230 (Jan. 1, 1966.) 

Results of some recent transport calculations for electrons and 
bremsstrahlung, M. J. Berger and S. M. Seltzer (Proc. 2nd Symp. 
Protection Against Radiations in Space, Gatlinburg, Tenn., 
Oct. 12-14, 1964, Ed. A. Reetz, Jr.) , Natl. Aeronaut. Space Admin. 
Spec. Publ. 71, pp. 437-448 (1965). 

Spin independence, W spin, parity, and SU(6) symmetry, H. J. 
Lipkin and S. Meshkov, Phys. Rev. 143, No. 4, 1269-1274 (Mar. 
25, 1966). 


*Publications for which a price is indicated are available by pur- 
chase from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 (foreign postage, one- 
fourth additional). The NBS nonperiodical series are also available 
from the Clearinghouse for Federal Scientific and Technical Infor- 
mation, Springfield, Va. 22151. Reprints from outside journals and 
the NBS Journal of Research may often be obtained directly from 
the authors. 


CLEARINGHOUSE BIBLIOGRAPHIC JOURNALS* 


U.S. Government Research & Development Reports. Issued 24 
times a year. Annual subscription: Domestic, $30; foreign, 
$37.50. Single copy, $2.25. 

Government-Wide Index to Federal Research & Development Re- 
ports. Issued 24 times a year. Annual subscription: Domestic, 
$22; foreign $27.50. Single copy, $1.75. 

Technical Translations. Issued 24 times a year. Annual subscrip- 
tion: Domestic, $12; foreign $16. Single copy, 60 cents. 


*U.S. Government Research & Development Reports and Govern- 
ment-Wide Index are sold by the Clearinghouse for Federal Scien- 
tific and Technical Information, NBS, U.S. Department of Com- 
merce, Springfield, Va. 22151. Technical Translations is sold 
by Superintendent of Documents. 
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